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The objectives of this study were tvofoic. The first 
was on investigation of the use of the relatively new 
technique of brittle lacquer foi determining quantitatively 
certain stress concentration factors. The succcedlr & ob- 
jective, depending on satisfactory results of the fii*t, was 
the actual determination of the factors for cer t< in selected 
openings of particular shapes and sizes. 

The authors have attempted to point out the iacticul 
problems and considerations involved in the use of brittle 
lacquer for u study of txria kind. It was iounc tt • t the 
technique is quite practicable, especially for odd shaped 
pieces or openings and that for large scale o er tlon the 
Investment in the brittle lacquer equipment and its use would 
be advisable. 

The factor s obtained for the particular o nin^a* useo 
In this project are found In the dp ta section of t* is report. 
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The object of this invostig tlon wt- to det* i ine if 
brittle lacquer could be successfully used to Investigate 
stress concentration factors around circular, se- i-elliptlct^ 
and bl-elliptiCBl openings in flat plates r ubject to uni- 
axial loading; and, if so, to determine the stress concen- 
tration f* ctors arouna these selected openings. 

The term stress concentration factor as u. ed in this 
paper is defined as the ratio of the maximum stress to the 
average stress in the oinlmum section. The term bi-elllpti- 
cal opening is used in 1 ef err ing to openings consisting of 
halves of two ellipses having a common major intercept but 
aifierent minor intercepts. 

The i portance of stress concentr* tlon factors around 
commonly used openings is obvious and h' s been the -ubject of 
considerable research ond study. The prrticul 1 o. •- nlng* 
chosen for this investigation were suggested bj the bureau 
of Yards and Docks of the (J. S. Navy. They consisted of ot en- 
ings mnlcn are commonly used in drydock and tunnel construc- 
tion ana about which there i. very limited d'-ta v> liable. 

The tunnel illar problem constituted one set of op*nln.jS 
lnvestigatea . This consisted of semi-elliptical openings 
with bases along a common line separated by pillars of vary- 
ing depth. The 1 portance of this pi o blew* is obvious in tunnel 
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work end othei construction where openings of this t^pe are 
frequently used. 

The problem of stress concentrations around si. pie 
openings, such as a small circular opening in a plate of 
infinite width, is one which has been thoroughly analyzed 
ana studiea. The theoretical analysis of this problem 
gives a stress concentration factor of three where tne wiath 
is great compared to the diameter of the hole. The v- i ia- 
tion of the factor with the ratio of radius of hole to width 
of plate is reproauced below from "Strength of aterials"— 
lart II by S. Timoshenko. It can oe seen that the factor 
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decreases considerably as the ratio r/d increases. 

For elliptical holes the following is quoted from the 
above reference: "In the case of a small elliptic* 1 hole 

in a plate the maximum stress is at the ends of the horizon- 
tal axis of the hole, end is given by the equation: 



f max. =. f ( 1 */- 2 e/b) 
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where £ la the tensile stress ap lied at tne end'* oi the 

plate. This stress increases with the ratio ./b, so tiu t a 
very narrow hole perpendicular to the direction of tension 
produces a very high stress concentration. * The - bove 
reference gives no lndlc* tlon that the stress concentration 
factor -night vary with the ratio of the width of opening 
to the width of the plate. This la a summary of the o*ger 
information available on tho problem. 

The problem was not only tne one of determining the 
stress concentrotlon factors for tne thie, t^pea of o; enin^s 
suggested, but also of determining the variation of the 
factor for multiple openln 0 e of each type with vtryln c depths 
of pillars between. A theoretical analysis would not only 
be extremely complex, but would be of coubtful practical 
value. From the pi ret leal stand-point there were tvo ^thods 
avc liable for investigation of the problem: photoel* stlcity 

ana brittle lacquer. Strain gages would onlj _ ive »n -vere^e 
value of strain over the ga & e length. This could c.uoe an 
appreciable and Indeterminate error even over a 1/8 inch ,_>ge 
length. Several factors favored the use of brittle rac .uer . 
.*anj teats could be run in the limited ti o avaii-bre. The 
tochnl^ue is fall l rf new and does not require ext-m-ive pre- 
paration. It was felt that the results could be ch< eked by 
the photoelaatlc method if ti ?e per * it ted. 

Tho Navy Department wished to obtain the str'*» concen- 
tration factors for plates subject to a uniform co ,^rte«iv ( ' 
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load. Thei e rie -ny alf f ic -It 1 ss, nowever, *.-lch . • j1. o-j 
encounterea in the use of brittle lacquer in tectin^ c • ..xea- 
sion loads. The plates would have to be co»te. .".d* i lo»*d, 
then allowed to dry end the load released. .uch : jc*dure 

would be extremely cumbersome with the equipment »v» ! lable. 
Since the lord would bo uni-axi* 1 in an* c* se, th< ir.v*?ti- 
^atlon war conoucted with tension loans. The factors will, 
of course, be identical for both tension «na co piession 
loads. 

During the course of the experiment the inv 'tigktion 
was carried rut in three principal parts. Ihe first put 
consisted of tests u^in,-, moderate oven temperatur s ior dry- 
ing; the second part, drying in air; the third part, u«.ing 
hif^her temperatures in conjunction with another r:earch 
px oject. 
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ti c* * i /'TIQIi 01 »• i£.KIa.l,S 

After h> vin fc determined the numDer br.c tj.-s of oj *nln to s 
to be tested, the investigators were faced with the , loblem 
of aetei .inlrifc the ;aterlal ena dimension® of th« s ecl-ens 
end the design end constiuctlcn of the nece # 6' i j *r:'*rrtus 
for testing the speclens. The -.eterlbl to b' <*t for tne 
specl.en3 should have two properties: It "houla h.v* ■» low 

modulus of eloetlclt,, to yield o «*■ xlmu« str *- ln with ti/e 
least stress, thus reducing the lo*.d retired to fi* ctura 
the lacquer; end It must have a sufficiently c i^h jlelu point 
to sustain strains of at reset five ti es that le^uli to 
fracture the lacquer without yielding. Inis i- necessary 
In oraer to ©xt ine the strains ovei the entire 1st* with- 
out causing local j leldirig around the opening . Th*- *«.ttiii.l 
which best fulfilled those qualifications wss £4 .1 duninux, 
whicr h**s a .odulus of 10,?00,000 pal ’-no a tensile ftrength 
of 44,000 pbI. 

The thlcknes* of the plate should bo the a 1 **-. llevt which 
would allow hanclln^ and working without «orpln . The 
Investigator a decided to uco 1/8" plate for the teats. i o»- 
ev<r, dneo this war not svaLx ble, ?/16" pl*te •» *v-uHtl- 
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The relative di cnslons of the letea and opening as 
prescribed by the Bureau of Yards and Locks are as follows: 

Circular openings — r/h=l/l5 or 1/20 where r Is radius 
of opening end h is depth of plate. 

Half-elliptical openings--a/h=-c/2h=il/15 or 1/20 where 
a is minor intercept and c is major intercept. 

Bi-elliptical openings- -same as sail i-elllpticel openings 
but with bottom minor intercept of o/3. 

The selection of the proper scale was very i ortant for 
the , roper interpretation of results. In det raining the 
actual dimensions of the openings, the Investigators felt th».t 
the minimum depth of opening should be 3/4" to lecllitate 
fabrication of the samples ana examination of the lacquer 
durln to testing. This depth of opening would require a clear 
depth of plate between 11.25" and 15". The -.aximum width of 
any opening would then be 5". In order to toat two or ore 
openings with vaiying depths between, the width of tf plate 
mu? t bo about 16* to 18". Actually 5/4" was used for the 
and r dimensions indicated above. The clear depth of slate 
was about 13" and the width about 16" or 10". 

The fabrication of the circular holes presentee no 
difficulties. The holes were drilled end reamed to sixe. 

The ed 6 os of the noies were polished to r« ove the 1 1\ loft 
by the reaaln 6 operation, then checked to • ke ure tr:e ed^et 
of tne holes were ei pendlcular to the faces ol tne ^l^tes. 
Care was teaen to Insure that all holes hec sharp, square 
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edges without any overhang 01 iounGing. 

The semi-elliptical and bi-olliptical holes ,ie*'-nted 
a consideroble fabrication piobleai. There was neither time 
nor facilities available to obtain dies to puncn the openings. 
The only solution seemed to be to drill and file the open- 
ings to proper size. The pattern was made by scribing a 
perfect ellipse on a plate using two pins and a taut cord. 

This late w&3 then used as a pattern for the other oj enings 
to insure uniformity. .hile this was a v xy tedious pr o- 
cedure, the openings were very carefully made to the precision 
desired. The ed ft es were carefully filco to r ight angles and 
the corners were filed to the exact contour deiiret. . all 
corners ana edges were then polished smooth with e> ery cloth. 
It was felt that this was largely responsible for the 
uniformity of the rosults obtained. 

The openings tested are illustrated on figure I. fc.et.ides 
the tests of single openings of the relative dl ensions 
illustrated, tests were made UGln b plates with the following 
combinations of openings: 

1. three circular openings 3" o.c. 

2. two seml-ellirt leal openings 5", 6" and 7" o.c. 

3. two bl-elliptical openings 5", 6* and 7" o.c. 

It wca hoped that the experiments would illustrate < ny varl- - 
tion in stress concentration factor with variation in , illtr 
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Tue lo* - to be sustain; c j t • t-.*tii u j i e - « ■ co». tod 
a£ follow; : 

Av x a 0 e ai iloum stifle to ii^ctuxe lnCiU«r — la. /in. 
. versi^e sties. In c x'osa ci osp-s*. ct ion ol i»te-- 
Q.001 x 10,500,000 = 10,510 . si. 
jiost ere. of plate--?/ 10 x 13=5.5/ ft <4. in. 
iOtal lo»d— 5.57 x 10,500-54,700 lbs. 

‘Ihe jig wt then £* il^ned to 'pply tnla lo*c unlfo*iaj 

over tn lb" 1 n^th without appreciable d- fl«ct* on. It.*; : l.*ne 

for tMt Jl_ axe Included in this purer. The lo- c. +' * tionr- 

mltted fio r the ^ ig to the pi' tea through a" c/ 10 • • tt^**l 

pins fitted in sc ined holes lfc o.c. This J1-. oved 

highly s*. tisf sctoi ^ throughout the ex.exi nts. 



It. 



INV1 SHQAT10R .y w I'-w „ju .. IF 
OVLI. 11 i i r-,1 Ji Jroi U IIAu 

On the novice of trof. r. B. Trathen, the llrst three 
tests were made using the oven-drying technique which was 
concuuently being investigated by J. J. llson 6nd B. T. 
Dibble. This technique war expected to ,ivo much greater 
sensitivity than that obtained by the usual ietnod of air- 
dr ying the lacquer. 

In this phase of the investiget ion the conventional 
method of determining and applying the proper lacquer was 
used. The plates and calibration bars were first co. ted 
with iuminum under coating for all runs. 

The optimum lacquer for the sprayin tt conditions ^as then 
applied to the plates. For the first run the entire depth 
of the plates was s rayed to test the for uniior' load 

across the edge of the plate. For the other runs the . lates 
were sprayed only around the openings. The plates ana cal- 
ibration bars w°re then placed in the oven at the t- peratures 
indicated. The usual steel calibration bars w re used for 
calibrating. 

After drying, the plates and c-libratlon b is w<ie 
ru.aoved fro- the oven ana pieced in the laboratory n*»r the 
teitlng machine. At least tw nty minutes before 

testing any plate to insure cooling to room p«r*tuie. 

The temper uture in the labor*toiy -uiln t . testify - a . ;coros*. 
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The tests were node in a Southwark- tmery 100,000 lb. 
testing machine. The procedure used during testing was as 
follows J 

A plate was Inserted In the testing jl^ anc all .ins 
were inserted in the holes. The plate was caielull^ examined 
for erasing or cracks causeo by driving the pins. n ob- 
server was stetioned on each side of tho plate and io«>c was 
applied. A stop watch was used to clock the ti e fro' the 
beginning of application of load until the first cracks 
appeared. The time and loao of the first cracks were re- 
corded. The plate was then examined without further increase 
in losd, and any irregularities were noted. 

After examination, more load was applied in varying 
increments on the first run to obtain stress patterns over 
the whore plate. By carefully watching the lacquer at some 
distance from the openings it was determinea that cracks 
appeared over the entire width of the plate at the sane load. 
This indicated that the load was being, applied unilormly at 
the edges, at least within the accuracy of the brittle 
lacquer. Photographs of the stress patterns obtained from 
the first run are included in a later section. 

At the openings cracks would usually appear at all 
corners simultaneously, or nearly so. Sometimes there would 
be onlj one crack at a corner, but usually there would be 
two or threo crocks at the first fiacturo. These ciacka 
were about 1/8" long. Their locations with respect to t iC 
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cox next; I ox the various tj^ea of <.onIn c u t-x .• . t-u _rx 

the sketches below. 




1'ho stress concentrat ion f-ctorc wei a uet< i . i . <_ f.^.. 
t .© uata es follows: 

Ihe calitrstlon strain was collected for c*e p d<-iin 0 
the ti-.e of io ulng using the crep correct lor cu. v-. i e- 
.-’lOQucea heiein aa figure 5. rnla corrected strain *cs then 
multiplier u„ the ..odulus of eltotlcltj--10,vOO, JrO p»i.--to 
obtain tne ;txeta at tne point where the ci*cks occ~ii<ju. 
ine kVox& & o stress ovex the not exea of the . i« t- «ai found 
b k , divlaln fc the load on the plate ut the tit o of U.» fix#t 
cracks Oj the net ax ea of the plate. Iho xatio oi tne .ureas 
6 1 the ciacuft to the average stres# it the strata cneenti:- 
tion f i ctox . ihe factors for the fixst three x ut vie then 
t t.i tec anu examined. 

tX t .la point In ti e lnvoati atlon It bcca e wpf-tiunt 
th t t r e r -suite wexe very low atid erratic. ft x nuch 
deliberation it waa finally decldea thit th*; „ ioc*-nie of 
uain^ steel calibration bare and aluminum .1’* »i*e 
decidedly faulty. J^on ir.vea tl^atlon it vaa d« te x » i r>»a. tnwt 
tne rlnaei coeflicient of thermal ex, n*ion f *r v«a 
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eppi oximately 0. 000Q065/°F. as co.p led to .bout 0.000013/°F. 
for the aluminum. The effect of this difference •- . s 

follows : 

After spray in^,, the platea and calibration bars weie 
placed in the oven while the lacquer was in a pi* stic con- 
dition. Dux ing the drying period the temperature was main- 
tained constant. Upon removing the plates and bars lxo^ the 
oven, However, the aluminum plate3 would contract «»c -ore 
than the steel hers. Tnis would have the effect of . lucing 
an initial co pression in the lacquer on the aluminum lates 
corresponding to the difference in contraction between the 
aluminum and the steel. Tnis compression effect would be 
maintained until the prate was loaded in tension. During 
this tlce, however, the effect would oe somewhat reduced by 
creep in the lacquer. Upon loecln*, the plate, a getter 
strain would then be required to fracture the lacqu**r. During 
the time the load was being ap; Ilea creep would a»sin t' k* 
place in the lacquer, this time in the op osite aiitction. 

The net effect of creep woula thus bo rather uncertain. 

The correction to compensate for this error was -ade 
quite simply. The difference in the linear coefficient" of 
therm* 1 expansion of the two material* wa* taken as 
0. 000006 5^F. The difference in contraction' b«t?e'- ihe 
two i*terlala wo this value multiplied by the tc> -r»ture 
difference between the oven and the laboratory. Ii 1* »«s 
the difference in etraln induced in the lacqu-r < the 
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unequal contractions of the -*terl«.ls. Cie’o ■ - con leered 
negligible as far as this strain was concerns. . It *• : 
reasoned that whereas tho ti ;e during which cr«..’. >• ouxu 
take place to iexieve the compi es slon in the iu c^uer was 
considerably greater then that during w.ilch it ^oux' «ct to 
r elieve the tension strain, since the tension str'. in would 
bo much hlghei tne net result would be un» »>pr eciable . The 
correction to oe made was thus onl> the stress cox x e • i. onain 0 
to the difference in contractions. This correction *»t»s 
ap-lled to the creep-corrected calibration str s to ootuin 
the actual stress at which the lacquer fracture . Ihls 
procedure produced results which compared very favorably 
with those obtained using air-arcing in the second pn«-!e of 
the investigation. Whereas there were certain errors in 
this procedure which were indeterminate, it was felt tnst 
the^ were of such small magnitude as not to affect tne final 
result materially. 
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I'lV.-STIUATjOIi USIi'tu AIR 

After consideration of the so-ewhat uncertain results 
of the first part of the investigation, the lnv>; tig». tors 
decided to make several runs drying the plates in the con- 
ventional manner. The plates wore coated with lccqu*i in 
tne usual way, thon drleu at room temperature ove. night. 

The testing procedure was the same as for the previous runs. 

Four- runs were made in this manner, numbered 4 through 7. 
It was found that the calibration strains wore coni leer ably 
higher, but that the value of the factors did not vary 
beyond experimental limits. The dispersion war approximately 
tne same as for the first three runs. 

The reduced sensitivity of the lacquer when dried in 
air was not an inconvenience in this investigation. In 
fact, it iay be that the results are slightly more accurate. 
Since the loads were higher, a small error in reading or 
calibration would have less effect on the factor. 

This part of the lnvostlge t ion served mainly as a check 
on the first part and to obtain additional v»lues to co* ute 
the mean factors. The results co. pared favorably wltn those 



obtained in the first three runs. 
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T:.l UDb 01 IvfHLi -t fr*l..-TJt>hS 12. ^0,- 
JUNCTION I'U OlfaH h kUjr rhJJ.CT 

The next three run., numbers 8, 9, and 10, *«re 
carried on in conjunction rith a conte.por ry research 
project on the heat treatment of brittle lbCquer by 
Lieutenants (junior grade) b. i. Dibble .no J . .‘lit on, 
civil mgineer Corps, U. S. Havy at h.r.I. Tr.es* officers 
investi 6 ot ed the use ol neat treatment to sensitize the 
lacquer' and hto at this ti <e obtained sets of o. tiu.um 
conditions of lacquer numbers with corier,ondir. t degrees 
of heat treatment. It was uesiiec to test tue-e conditions 
of heat treatment on the compile ted shapes and the „ r «-c- 
tical problem of this stress concentration pioject. s 
indicated in runs 1, 2, and 3 of this project th* • ibule- 
V*ll-on heat treatment of the te«t plates wa* used but at 
that early date a final set of optimum conditions hi not 
been obtained and the irive* tlg&tion of this pioject a owed 
a return to the e tenderer .ethod of ail cijin^, eoulu be 
advisable. 

Three sets of optimum conditions as suggested by 
Dibble and vilson were set up for tne s»*s .roup oi x> tes. 
The rlatos were sprayed, heat txeotod ana test— v ith a 
run for each of the three sets of condition*. .he— runs 
are the following runs designated as nui'.b^r s 8, 0, a**- 10. 
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nun 3 consisted of plates, i, 2, 2, and 4, t e se:l- 
ellipse group, spruced with lucqucr number 1205, he- t 
treated for £3 hours in the oven at 124°P., e o • lo- ly 
cooled to loom temperature. Fun - 9 consisted of the »ome 
3et of plates hut with lacquer ^1201 and oven t •. ‘.poi • t^re 
of 168°F. F.un 10 was with seme plates using lac uer 1203 
ana oven temperature 14B°I'. 

These three sepeiute runs served to confirm the Ibele- 
ilsoii conclusions of increased sensitivity with neat tre.-t- 
cent w ich will undoubtedly be a tremendous tr iue in the 
success oi brittle racquets. However, tnis increases een- 
ritivitj for tnis one particular project on stie;_& concen- 
trations did not muterirlly aid in the determinations of the 
factors. In run jf 3 the lacquer was so sensitive thot the 
ii pact of driving the pins to set the plate in the ji,. ro- 
duced email cracks at the criticfl points of the op^nin $s 
which again was proof of the increased sensitivity but 
which was undesirable for tnic project in that the les-lting 
stress concent! ation fuctor for each plate in eacn iu; 
hinged on the accurate observation of the first «.eut* cr-ck 
in the lacquer under load. 

The second apparent disadvantage of usin 0 h»st ti . * t- 
rnent foi this pioject was the necessity of u- in., a c^lc lated 
collection for the difference in coefi lciont- of expansion 
between the aluminum teat . lates and the teal c-iibratlon 
strip'. Tnis calculated tomp*iatuie coriect.on ti«.-» • t th* 
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high ove atux e run; fax out* l^hc. tit tx ?. ; i ox the 

calibrated rtruin w lch «es undesix&ble. i ox ex- -Lie, In 
iun S the te pet tux e coriectlon amounted to ol7u _i while 
the stress obtained f x ot the creep corrects clibxttion 
bax strain wea onlj 3040 psi. An attempt was ir. cio to 
ell lrii te the necessity of this correction by the iter- 
ation of aluminum calibration strips, b’-eri the lu:»tnum 
stxios were of insufficient strength to withut-nd the 
deflection of the calibrator com and all bt-is were pexuin- 
cntlj deformed. Had thex e been tl e available a new cam 
for the calibrator could have been rsparoc to give • uch 
s 'oiler cef lection, theiefore al lowing the use of aluminum. 
Another possible iei ed^ would have been to U3© callbxation 
strips of 75 ST aluminum which hes a yield stiengtr. of 
appro3i»fetely 8^>,000 pet and could have withstood the de- 
flection. Again the unavailability of materials - nc lack 
of ti e prevented this refinement. 

• thiid di advantage of these tigh heat treat-nents was 
the wide dispexsion of results obtained as note in tu* data 



for the three iun*. 
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The avei age values foi the stiess concentration 
factors enc the maximum dispersions for the ten l*-tes 
tested are tabulated below. 



flat 1 — single serl-ellipse 
2--two se J.-eliipses 5 
5--tvo se*ni-elllp 3 es 6 

4- - two soni-ellipaes 7 

5- -singlo bi-ellipse 
b-- two bl-elllpses 5" 

7 — two bi-ellipses 6" 





factor 


bi; - ersion 
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t -n 

V • fc/V 


k4.71 


o.c. 


2.60 


It .fct 


" o.c. 


2. Cfc> 


X .05 


w o.c. 


5.04 


It. 51 




5.16 


fcO.f 


o.c. 


2.b4 


lb. b 


o. c. 


2.65 


2 b. oit 


O • G ♦ 


2.60 


19. 0> 


,c 


1.94 


ii. n 


8 3 W o.c. 


1.02 





The conclusions which the authois have drawn fro tr « above 



results anu the experiment as a whole aie as follows: 

(1) brittle lacquer is an excellent voans ioi 
deter mining stress patterns in plates •*.th 
openings . 

(2) brittle lacquer is an excellent etns foi 
locating points of stress concentration. 

(3) the dlspoision may be eg .reat as f ' , with 
occasional errors of n.uch ^.r^ctex »»«..nituae. 

(4) the stross concentrati >n t actors obtain--'- >ty the 
use of ti-e bxlttle li cquex tcchnl ,ue axe defin- 
itely lower tnan theoxeticri v-lues or otu*i 
available expert* -ntai values. foi LaeUnct*, 

t- e git. on p» 0 e Z gives « factor of ab:--it < , j 
for the o. enln 0 in . late 9 as ccr ai e<- to «n 
B7oi» e o v»lue of 1.94 obtained by th>; brittle 
lacquer technique. It is beilevwc U«t r-ha 
factors for the ellip tical openings a - * cxnaidei- 
ablj lower than theoietieal. 
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(5) the tests s owed that t ,ei e «. s no 
variation in factors in tn« lnslcc 
coiners of the opening in t . ltte. 



xi • t i Co i ole 
-^taiue 



(o) ti 01 e is no . xeciabie difference b-'t. r-n the 
factors for aeni-slli VS ea *ac oi-eiu.aet . 

(7) the f: ctor s seemed to vary occorcin;, to t is 
rule: o l ingle opening causes the i-.n st 

i ctor. i-oi two opening the factor iiCieasea 
with the distance between the openin- . t oi 
the openings tested all the factors for tr o 
openings were A ess th*n tnose foi om . it 
seeas lively that the factor foi t "0 o> er- i. .. 
*-ould a roach that for one openin,. t>s the 
distance between o^enini,. increases, but this 
was not definitely determined. 



( 0 ) the shape of the stress pattern is effected by 

the curvature of the openin to . Co~p,r in & figures 
*$ xZ, ana 14# one c*a see tnat &.! the cui va- 
tur e increases the isoentatic .ovea o .t*ard from 
tue curved portion of the opening, iris effect 
is xost noticeable on ligure 7, the senri-eiiipse. 
rhe isoentatics in this case are extenc.e> much 
farther above the curved ortion than below the 
straight bottom or the opening. stuu,y ol this 
phenomenon was outside the scope of this i.jvert- 
le>atlon. Such a studj night, however, t..iow 
considerable light on the efiect of openin- a in 

pi Si t G s • 



ine lt8son foi the low values of stress c ncentietion 
factors h s not Dean determined. One ossibie solution is 
that the lacquer was thin over the edges of the o, sninga 
and woui- therefore not fracture at as low a strain o» the 
1 cquei on toe calibration bars, however , ev 1 j , o • ‘ ole 
•e8ns was taken to obtain , uniform. thickness of iecuu*-r 
st all . • intd srouno the opening. Iht invisM-.toi .1. of 
the oplnLon that this did not heve an a ( reclable efrvet 
o tr.e factors obtained, Lut was **entioned .i:*rel} t-' c«utlon 
otnei Investlgttoi a to use great cai e in ap iyi.-. t..e 
lacquer eioun o* onln^o. 
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Another possible cause of the low values obtainrc *as 
the discontinuity of tho lacquer near the ed^eo of the 
openings. As far as can be determined f i O' obaeivi<i_ care- 
fully the cracks on c libratlon bars it seemea that xacquei 
cj acked at the edges of the bars at the seise strain as In 
the bob,, of the lacquer itself. However, this has not be n 
thoroughly Investigated ana no definite statements c**n be 
made concerning it. 

The great difficulty in this work is that the stress 
drops off so rapidly near the opening that a v lue obtained 
at only a lnute distance from the opening would be 
considerably in error. Aa far es could be determined the 
stresses obtained in this investigation were the correct 
values, but perhaps there vaa some source of error at this 
critical point which has not as yet been recognised. It 
was felt that this is a *,ai tlcjlarly important phase of 
the use of brittle xacquer end would be a woithwnlle prob- 
lem for future investigation. 

Any readers making a comparison of these factors with 
others ore cautioned that these factors are based o the 
not area and not on gross area. Factors based on n*. t area 
will be smaller than factors based on gross area. 
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SJuu Sl Ofo FOh f'JTUlL INVtLT IaATION 



The following suggestions for future investigation 
are set down by the authors: 

(1) The investigation of stress concentration 
factors for plates in compression might jield 
valuable information about the problem, ouch 
an Investigation woulct requir e s ecial equip- 
ment and considerable time. The ethod of 
spraying while plate is under a co presslvo 

load, drying under load, and testing relax- 
ing load coula be used. 

(2) An investigation using a jig which would clamp 
the plates would eliminate some of the troubles 
experienced from driving the pins in this 
investigation, therefore the increased sensi- 
tivity of heat treatment could be usee. 

(3) The development of 8 technique which wouic 
guarantee a uniform thickness of lacquer inside 
and at the edges of the openings would probably 
yield more reliable results than the usual 
technique. A finer lower pressure spray or 
perhaps a brush could bo used. 

(4) A study of the variation of stress concentration 
factors over a wider range of pillar depths would 
be of u reat value. 

(5) An investigation of the same openings usirr. the 
photoelastic technique would be a v» luable 
check on the results ootalned. 

(6) In association with heat treat-.ent the -.ration 

of calibration strips of the sg .e material as the 
test plates with possible pre-requisite preparation 
of a calibrator cam to fc ive small deflections would 
eliminate the need of the lar^e treims.1 exp-nalon 
corrections that were necessary in this particular 
experiment. Or the preparation of c* xibretion 
strips of 75 ST aluminum to withstand the deflection 
of the calibrator cam could likewise be do *e Xor 

use with aluminum plates. 
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2.03 


8 


8500 


90 


2800 


8880 


£.2' 


9 


10,500 


60 


7950 


6550 


£.16 


10 


4000 


20 


1860 


6370 


4.48 



•>* Conectev ities- Induces the loilo*ln ft corrections: 

(1) for cilfoience in coefficient* ox t i- 1 ** u.-lon 

of ctod carloi tlon trip -nt. ln^r t^'t lsteg 

dui ln^ cooling from 9p°l*. (oven to ei tore to 70° t. 
(rooaj te .perhtur • ) . „ 

Coi i ection =■ 05 x 10** x 10.2 x 10 u x . — si 

(2) for ci e i> Guiln,. ti"« of test, obtained • i ;• cie*; 
cui ves. 

'/i i«: aate lo. 1. 

L* ribi et ion strain it 6.0u x 10” n luct.o»/inch. 

oti in collect* foi exerp *• in*, jl .0 *%cmoa l« 

9.20 x 10~ 4 i**che»/ir ch. 

,01 li? no Li t “ ti r ss .50 x 10* 10.' = 

oti n ; cjiic c tec loi t° ' i u = 9CC0 •f* i ' -i — 
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hun #2 July 29, 1948 

All plates coated with #1207; dried 20 hours in oven it 110°F. 
hoom temper cture 77 °F. 



C-iibr ations : 2. 


08, 3 


GO 

O 

• 


average 2.58 


x 10 4 


Plate 


Load to 
Reeding 


Time 

Sec. 


Average Streaa- 
Ret Area 


Cox i ected* 
stress at 
Cracks 


Factor 


1 


6400 


150 


2680 


5590 


2.07 


2 


2500 


5 


1370 


4910 


3.58 


3 


2400 


45 


1310 


5010 


3.83 


4 


2500 


60 


1570 


5350 


3.41 


5 


4200 


60 


1750 


5350 


3.05 


6 


2500 


75 


1345 


5400 


4.01 


7 


5000 


50 


2190 


5020 


2.29 


8 


4000 


150 


1790 


5590 


3.11 


9 


Ho readings 


-- badly crazed. 






10 


4500 


30 


2090 


5220 


6 . 50 



« 



See Run ’1 
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OBSERVED DATA 



hun #3 July 29, 1948 

All plates coated with ^1208; dried 20 hours in oven at 100 °F. 
Room temperature 80°F. 

- 4 

Calibrations: 3.1, 5.6 average 3.35 x 10 

Corrected* 



Plate 


Load to 
heading 


Time 

Sec. 


Average Stress- 
Net Area 


Stress at 
Cracks 


Factor 


1 


3900 


15 


1630 


5140 


3.15 


2 


4600 


36 


2520 


5280 


2.12 


n 

KJ 


3400 


20 


1840 


5180 


2.88 


4 


2300 


8 


1030 


5020 


4.88 


‘ 5 


3200 


9 


1330 


5020 


3.77 


6 


3800 


25 


2040 


5210 


2.56 


7 


4000 


17 


1760 


5140 


2.93 


8 


4400 


35 


1960 


5320 


2.72 


9 


5300 


10 


1960 


5070 


2.06 


10 


5600 


30 


2600 


5280 


2.02 



* See Run #1 
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ObfcLfvVkD Dv.TA 



hun $4 ugust 7, 1948 

11 pi tea coated with fliQQ; ai lea 26 hours . t room 
ter^ei etui e . 

Calibrations: 5.3, 6.1 f ver&^e C.jb x 10“ 



Plate 


Load to 
heeding 


'lime 

Sec. 


Hveia fe e Stress- 
Het Area 


^tiess at 

Cl i.C/£S 


lector 


1 


5100 


19 


£130 


5800 


~.18 


2 


4500 


22 


2520 


6870 


2.72 


3 


5200 


10 


2820 


6620 


2.34 


4 


5800 


23 


2t00 


6870 


2.63 


5 


£150 


25 


2160 


o370 


3.16 


6 


5040 


25 


2720 


6870 


2.62 


7 


6200 


32 


2720 


6330 


2.74 


8 


cOOO 


28 


2o90 


o 

o 

o 


2.34 


9 


10,800 


42 


4020 


7110 


1.77 


10 


S800 


12 


4£to0 


ob£0 


1.45 
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ObLx i.VLD L*'1A 



i.un J >b August 6, 1048 

All plates coated with >12.08; dried 17 hours st room 
temper ature. 

Calibration: 7.32 x 10“ 4 



Plate 


Loan to 
heading 


Time 

Sec. 


Average Stress- 
llet Area 


otr ess at 
Cracks 


factor 


1 


8500 


60 


3570 


8900 


2.49 


2 


6100 


14 


3350 


8210 


2.45 


3 


5600 


22 


3040 


8450 


2.78 


4 


7100 


60 


3180 


8900 


o 

CO 

• 

04 


5 


8100 


60 


3400 


8900 


2.61 


6 


5800 


25 


3110 


8450 


2.71 


7 


6700 


23 


2940 


8450 


2.87 


8 


6100 


20 


2740 


8390 


3.05 


9 


14 , 000 


66 


5210 


9000 


1.72 


10 


11,200 


22 


5220 


8450 


1.61 
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Run # 6 . Au c ust 7, 1948 

/ill prates coated with £1206; dried 26 houi e at loom temper tuie. 
C llbration: 8 x 10 -4 



Plate 


Load to 
P eading 


Time 

Sec. 


Average Stress 
Net Aiea 


Sti ess at 
Ci acks 


Factor 


1 


6100 


32 


2550 


9410 


3.70 


2 


6000 


26 


3220 


9110 


2.67 


3 


6200 


31 


3370 


9350 


2.77 


4 


6300 


30 


2830 


9300 


3.30 


5 


6400 


£2 

» 


2670 


9270 


3.45 


6 


7100 


31 


3820 


9350 


2.44 


7 


8000 


24 


3520 


9270 


2 . 63 


8 


6100 


18 


2720 


9090 


3.33 


9 


13,100 


50 


4880 


9670 


1.98 


10 


9200 


30 


4270 


9300 


2.18 
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OBSERVED DATA 



Run * 7 








August 10, 


1948 


All plates coated 


with •' 


1205; dried 28 


hours at room te 


eratur 


C libiation: 8.26 


x 10“ 


4 








Load to 


Time 


Average Stress 


Sti "ss at 




Plate 


Reading 


bee. 


Net i l ee 


Ci t cks 


F. ctoi 


1 


5800 


25 


2420 


8150 


3.37 


2 


5100 


21 


2800 


8120 


2.90 


3 


6100 


30 


3310 


8300 


2.49 


4 


5100 


20 


2280 


b090 


3.51 


5 


5400 


19 


2250 


8090 


•*.58 


6 


5100 


19 


2740 


8090 


2.94 


7 


5600 


21 


2460 


8120 


’.29 


8 


6800 


32 


3040 


8300 


2.73 


9 


6600 


29 


2450 


8300 


3.38 


10 


9800 


48 


4560 


8450 


1.85 
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OBS.hViD Ut lA 



hun 8 August It, 1948 

plates 1, 2, 3 f t*n a 4 coeted with ^1205; heat tieitea &t 
124°F. foi 2d nouis. i.oom tc.peieture 78°I . 

Calibration: 2.0 x 10”^ 

Coi r ected * 



Piste 


Load to 
heeding 


Time 

Sec. 


Average Stress- 
Net Area 


Stress at 
Ci acks 


Factor 


1 


3000 


9 


1250 


5290 


4.23 


2 


3500 


17 


1920 


5350 


2.78 


3 


4200 


27 


2280 


5410 


2.37 


4 


2800 


9 


1270 


5290 


4.16 
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OBSthT ID BATA 



Run .f9 August 17, 1948 

Plbtes 1 to 4 coated with #1201; heat treated £0 hours In 
oven at 168°P. Cooled in oven to room temper sture 76°f. 

Calibration: 2.7 x 10” 4 inches/ inch 



Cor r ected' 



rlate 


Loaa to 
reading 


Time 

Sec. 


Average Stress- 
Net Area 


Stress -t 
Cracks 


Factor 


1 


2600 


13 


1090 


9210 


8.47 


2 


3000 


16 


1650 


9240 


5.60 


3 


2000 


8 


1080 


9150 


8.48 


4 


3000 


21 


1340 


9280 


6.92 



* See Run #1 
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Oi)i>i-rvVLD JD>TA 



Run n 10 Ju^ust lb, 1948 

plates 1 to 4 costed with /1203; heat treated 20 hour." in 
oven t 148°r . Cooled in oven to roo!' te ei ture of 76°i*. 

Calibration: 4.6 x 10”* inches/inch 



< 

Cori ected 



Plato 


Load to 
KeaQlng 


Tine 

Sec. 


Average Stress- 
Net Area 


Stiess at 
Ci ecks 


Factoi 


1 


4900 


31 


2050 


10,230 


5.00 


2 


5300 


20 


2920 


10,100 


3.47 


3 


5000 


22 


2720 


10,140 


3.71 


4 


4400 


32 


1970 


10,230 


5.20 



* See Run 1 






COkJPtflAIIOa ivXD CO* I- A/ I50A5 OF FIH*c FACTOR 

huns 

t lato I II III IV V VI VII Total Averse 



1 


3.47 


_ 

2.07 


3.15 


3.18 


2 


£.57 


3. 58* 


2.12 


2.72 


3 


2.69 


3.83* 


2.88 


2.34 


4 


2.57 


3.41 


4.88* 


2.63 


5 


3.33 


3.05 


3.77 


3.16 


6 


2.07 


4.01* 


2.56 


2.52 


7 


2.03 


2.29 


2.93 


2.34 


8 


2.33 


3.11 


2.72 


2.34 


9 


2.16 


— 


2.06 


1.77 


10 


4. 48 " 


2.50* 


2.02 


1.45 


Total 

(1-8) 


21.06 


11.86 20.13 


21.23 


Ave. 


2.63 


2.96 


2.88 


2.65 



2.49 


3.70 


3.37 


19.36 


3.23 


2.45 


2.67 


2.90 


13.63 


£.60 


2.78 


2.77 


2.49 


15.95 


2.66 


2.80 


3.30 


3.51 


18.22 


3.04 


2.61 


3.45 


3.58 


22.95 


3.28 


2.71 


2.44 


2.94 


15.24 


2.54 


2.87 


2.63 


o • 29 


18.38 


2.63 


3.05 


3.33 


2.73 


19.ol 


2.80 


1.72 


1.98 


3.38 


' 9.b9 


1.94 


1.61 


£.18 


1.85 


9.11 


1.82 


1.76 


£4.39 


24.61 






2.72 


3.05 


3.03 







* Thi value sibltiarllj discarded as It differed fio the 
mean foi the plcto by more than twenty-five per c.*nt. 
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UU--W > ur tL 0.< B 0^0->I.iu r Mui 5 

Some of the following photographs woie rn.ce ol t^c 
test plates al’ter a test run. A x ec. dje etchant wa: used 
to accentuate the snail cxacks for better photographing 
purposes . 

The photographs axe primarily to show the stress 
distribution over- the area sun oundin^ the openings. For 
the actual calculation of the concentration f ctoxs onlj 
the first minute crack was necessary but the ciacii v>as too 
small to be photographed. Some photographs show the iso- 
ontatics for various loads ana oo^e clearei photo s r*phs show 
the isostatics. An isoentetic is a line drasn to Join the 
ends of the cracks (lsoatatics) in the lacquer, tnus is the 
locus of points of equal strain. An iso 3 tatic is an actual 
crack in the lacquer or the lines of failure of the costing. 
The directions oX' the principal stresses are tan ent and 
perpendicular to the lsootatlcs.^ See Figuie 14 for noceaure 
for- obtaining isoentatlcs. 



1. J. Durelll, “«Shat Kind of Information Doe* i ittle 

Lecquer Give ", Product Engineering, June, 1<«48. 
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Fig. 4 

This is a photograph of tho apparatus set for a test run. 

It shows a front view of the jigs and the large bolt lending 
to the cross heads of the testing machine. Plate #9 is shown 
mounted in the Jig. The wide light colored band scross the 
center of the plate is the dried coating of lacquer. 
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blue view of jig v,ith plate mounted. 
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rlato 2 with isoentatics foi loed3 7.5 kip» to 50 kips 
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V.ide-view of plate #6 showing isoentatlcs for 
loads of 5 kips, 7.5 kips, 10 kips, 12.5 kips. 
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Close-up view of plate ij 6 showing isoentatics 
for loads of 5 kips to 12.5 kips. 







Plate 7, showing isoentotics for loads 7.5 kips 
to 25 kips. The isostatlcs may also be seen. 
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